Chemical context
Since the 1980s metathesis has become an important industrial process, but applications of the first-generation catalysts to targets bearing various functional groups were often precluded by the dramatic increase of their catalytic activity (Delaude & Noels, 2005; Astruc, 2005) . Hence, in recent years a large number of new catalysts have been proposed, developed and implemented in organic chemistry processes. These new catalysts may be used in the presence of various functional groups, moisture traces, in a wide range of solvents under different temperatures and for many metathesis reactions including CM (cross metathesis), ROM (ring-opening metathesis), RCM (ring-closing metathesis), ROMP (ringopening metathesis polymerization), ADMET (acyclic diene metathesis polymerization) and others (Dragutan et al., 2005; Grubbs et al., 2015; Hoveyda & Zhugralin, 2007) . Currently, the most widely used catalysts are ruthenium-based heterocyclic carbene-coordinated metallocomplexes, containing, as rule, a five-membered ruthenium-containing ring with an O!Ru coordination bond (the Hoveyda-Grubbs catalysts of the second generation) (Ogba et al., 2018; Samojłowicz & Grela, 2009; Vougioukalakis & Grubbs, 2010) . ISSN 2056-9890 Currently, there is only scarce information about the synthesis and application in the metathesis reactions of the nitrogen-containing Grubbs catalysts, where the oxygen atom is substituted by an N atom in a five-membered ring. The known compounds of that type have promising catalytic properties and are already used in the industry. For example, there is patent information that describes applications of such a type of catalysts in ring-opening metathesis polymerization reactions (Zheng-Yun, 2017; Xia, 2017; Zheng-Yun, 2011; Polyanskii et al., 2015; Ivin & Mol, 1997) .
The purpose of this study is to elaborate the synthesis of new generation of N,N-dialkyl metallocomplex ruthenium catalysts, resulting in establishment of connection between the nature of the functional groups born by the nitrogen atom and the catalytic activity and stability of these catalysts in various metathesis reactions as well as in the determination of the effect of substituents on the structures of the obtained products.
Structural commentary
The Ru atom in the title compound is pentacoordinated to two C, one N and two Cl atoms (Table 1) . The Addison parameter is used to describe the distortion of the coordination geometry and is defined as = (difference between two largest angles/60) for five-coordinated metal centers, allowing the distinction between trigonal-bipyramidal (ideally = 1) and square-pyramidal (ideally = 0) geometries. For the title complex, = 0.234, in between these two geometries ( Figs. 1  and 2 ). The dihedral angle between the planes of the trimethylphenyl rings is 31.95 (19) . The complex shows the usual trans arrangement of the two chloride ligands, with RuCl bond lengths of 2.3397 (8) and 2.3476 (8) Å , and a ClRu-Cl angle of 157.47 (3) . The bond lengths and angles about the Ru atom are in good agreement with those in the dichloromethane solvate (Slugovc et al., 2004) and (Slugovc et al., 2010) .
Supramolecular features
The crystal structure features C-HÁ Á ÁCl, C-HÁ Á Á interactions (Table 2) and -stacking interactions between the benzylidene rings [centroid-centroid distance = 3.684 (3) Å , inter-planar distance = 3.5312 (16) Å and slippage = 1.048 Å ], forming a three-dimensional network. The hydrogen-bonding interactions in the title complex are shown in Fig. 3 . Figure 2 A view of the coordination geometry about the Ru atom, which lies between square-based pyramidal and trigonal-bipyramidal.
Figure 1
The molecular structure of the title complex with displacement ellipsoids for the non-hydrogen atoms drawn at the 50% probability level.
Both cis-dichlorido(1,3-dimesitylimidazolidin-2-ylidene)(2-formylbenzylidene-2 C,O)ruthenium diethyl ether solvate (Slugovc et al., 2010) and the dichloromethane solvate (Slugovc et al., 2004) , show similar metal-atom geometries to the title compound. In contrast to the dichloromethane solvate, where the Ru complexes do not show any intermolecular --stacking but are linked by C-HÁ Á Á and C-HÁ Á ÁCl interactions (Jlassi et al., 2014; Ma et al., 2017a,b; Shixaliyev et al., 2013 Shixaliyev et al., , 2014 Shixaliyev et al., , 2018 , intermolecularstacking is an important factor in the crystal structures of the title complex and cis-dichlorido(1,3-dimesitylimidazolidin-2-ylidene)(2-formylbenzylidene- 
Synthesis and crystallization
The synthesis of the title complex (5) was performed by the interaction of the indenylidene derivative (1) with 1,3-dimesityl-2-(trichloromethyl)imidazolidine (2). The intermediate (3), which is unstable in air, was not isolated and was directed to the following reaction step with styrene (4) as described earlier (Dorta et al., 2004; Fü rstner et al., 2001; Jimenez et al., 2012; Pump et al., 2015) (Fig. 4) . The catalyst (5) was obtained in moderate yield and turned out to be a green powder, stable in air at room temperature for at least four years.
Synthesis of the Hoveyda-Grubbs catalyst (5): Absolute toluene (50 ml), dichloro(3-phenyl-1H-inden-1-ylidene)bis(tricyclohexylphosphane)ruthenate (1) (3.52 g, 3.81 mmol) and 1,3-bis(2,4,6-trimethylphenyl)-2-trichloromethylimidazolidine (2) (1.94 g, 4.56 mmol) were placed into a 100 ml Schlenk flask purged with argon. The mixture was heated under argon at 358 K for 5 h, then the mixture was cooled at room temperature and 1-(2-ethenylphenyl)-N,Ndimethylethanamine (4) (1.00 g, 5.71 mmol) was added under an argon atmosphere. The mixture was heated under argon at 368 K for 5 h. Toluene was evaporated under reduced pressure and the residue was suspended in hexane (30 ml). The resulting mixture was kept at 253 K for 10 h. The obtained precipitate was filtered off, washed with hexane (3 Â 10 ml) and methanol (2 Â 10ml), and dried under vacuum at room temperature to give 1.90 g (2.96 mmol, yield 79%) of 5 as a light-green powder, pure by TLC, m.p 455-458 K (decomp.). Green prisms were grown by slow crystallization from a heptane-CH 2 Cl 2 solvent mixture. 1 H NMR (500.1 MHz, CD 2 Cl 2 , 571 K) , ppm: 18.74 (s, 1H, CH Ru), 7.58 (dt, J = 1.3 and J = 7.7 Hz, 1H, H-3-C 6 H 4 ), 7.24 (br d, J = 7.7 Hz, 1H, H-4-C 6 H 4 ), 7.22 (t, J = 7.7 Hz, 1H, H-5-C 6 H 4 ), 7.11 (br s, 2H, H-Mes), 7.04 (br s, 2H, H-Mes), 6.76 (d, J = 7.7 Hz, 1H, H-2-C 6 H 4 ), 5.74 (q, J = 6.7 Hz 1H, N-CH-Me), 4.11 (very br s, 4H, N-CH 2 -CH 2 -N), 2.56 (very br s, 12H, Me-Mes), 2.43 (s, 6H, Me-Mes), 2.05 (s, 3H, NMe), 1.53 (s, 3H, NMe), 1.39 (d, J = 6.7 Hz, 3H, CHMe).
13 C NMR (125.7 MHz, CD 2 Cl 2 , 571 K) , ppm: 312.3 (C Ru), 213.0 (N-C-N), 148.7 (C-6-C 6 H 4 ), 138.4 (8C, br s, CMes), 137.2 (C-1-C 6 H 4 ), 129.3 (very br s, 4C, CH-Mes), 129.0 (C-5-C 6 H 4 ), 128.4 (C-4-C 6 H 4 ), 128.3 (C-3-C 6 H 4 ), 127.0 (C-2-C 6 H 4 ), 59.0 (NCH-Me), 51.5 and 50.1 (NCH 2 CH 2 N), 43.2 (NMe), 38.5 (NMe), 20.8 (6C, Me-Mes), 9.6 (NCH-Me). IR max /cm À1 (KBr): 2953, 2915, 1605, 1481, 1443, 1377, 1256, 1183, 1117, 1041, 848, 806, 779, 578 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . C-bound H atoms were included in the refinement using the riding-model approximation with C- Reaction scheme. Table 2 Hydrogen-bond geometry (Å , ). Figure 3 for an electron count of 419, was removed with the SQUEEZE procedure in PLATON (Spek, 2015) following unsuccessful attempts to model it as a plausible solvent molecule. The stated formula mass, density, etc. do not include the disordered solvent.
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